Vibrio cholerae and Escherichia coli were inoculated into membrane diffusion chambers and placed around two small coral reef islands in Puerto Rico and monitored for 5 days. Several chambers were also buried in the sands of one of the reefs. Both E. coli and V. cholerae densities declined by 2 orders of magnitude, as measured by direct particle counts with a Coulter Counter (Coulter Electronics, Inc., Hialeah, Fla.). However, the density of neither bacteria changed dramatically when the same samples were analyzed by epifluorescent direct counts. Differences in the two direct count methods were accounted for by changes in cell morphology that occurred in both bacteria after exposure to seawater. Morphological changes occurred more rapidly in E. coli compared with those in V. cholerae. Bacteria in chambers exposed to sediment did not show significant changes in morphology and had only a slight decline in density. Physiological activity declined by more than 40% for both bacteria within 24 h. The decline in activity was less severe in the sediments. Tropical coral reef sands and turtle grass beds were shown to be less stressful environments for V. cholerae and E. coli than would have been predicted from temperate and microcosm studies. V. cholerae can survive the in situ conditions of a tropical coral reef and could become a source of bacterial contamination for fish and shellfish in this environment. The simultaneous monitoring of E. coli levels established that this bacteria can not be used as an indicator of V. cholerae or other fecal-borne pathogens in coral reef environments because of the greater stress these environments put on E. coli. Both bacteria could be of greater public health importance in tropical marine areas than previously imagined.
It is known that Vibrio cholerae and other vibrios are part of the indigenous microflora of most estuaries (8, 18) . Considering the reports of recent outbreaks of cholera traced to shellfish from warm water environments, it has become increasingly important to understand the ecology of these bacteria. Many studies have suggested that V. cholerae is incapable of surviving in seawater at salinities of 35%o and that high temperatures, i.e., >250C, are stressful (17, 22).
However, recent studies have suggested that V. cholerae and Escherichia coli, its indicator, may be able to survive under these conditions or under starvation conditions and be unculturable on standard media (3, 8, 26) . It has also been well documented that the survival of E. coli can be dramatically decreased by high solar radiation (11, 20) . Since all of these conditions are normal and constant in tropical marine areas like Puerto Rico, it was surprising to us that our laboratory (4, 10, 15, 16, 24) and others (12, 13, 22) were able to isolate V. cholerae and E. coli from tropical coastal waters. Other work by our group had shown that Aeromonas hydrophila was capable of growing at densities above 107 cells per ml when diffusion chambers with the bacteria were suspended in marine coastal areas of Puerto Rico contaminated with rum distillery effluent (4) . We also observed that rum distillery effluent served as a chemoattractant for V. cholerae (10) . Thus, we undertook the present study to determine V. cholerae and E. coli survival by using in situ diffusion chambers at several marine sites and by employing two direct count methods and two population activity measurements. Previous studies had used laboratory microcosms and had not measured physiological activity (18). The present study was (21) , with 100-ml capacities were used with 0.45-,um-pore-size, nylon-reinforced Versapor membrane filters (Gelman Instrument Co., Ann Arbor, Mich.) as diffusion surfaces (4, 14) . 0-rings were added to the chambers to reduce leakage and contamination. Pure cultures of V. cholerae and E. coli were grown in 5% tryptic soy broth at 37°C for 24 h. The cells were then harvested by centrifugation (10,000 x g for 10 min) and APPL. ENVIRON. MICROBIOL. suspended in filter-sterilized phosphate-buffered saline (pH 7). Cell density was determined with a model ZF Coulter Counter and adjusted to a concentration of 107 cells per ml.
The bacterial suspension was placed into the sterile diffusion chamber just before it was placed at the study site. At the study site, a total of five chambers were placed strategically at a depth of 1 m. Periodically, 1.0-ml samples were taken from each chamber with a sterile syringe. Of each sample, 0.5 ml was fixed with 1. removed and sampled at 24 h, and the remaining chambers were removed and sampled at 42 h. All sampling and measurements were as described above. Data analysis. The data were analyzed by using prepared programs for Apple II, Macintosh, and IBM 4321 computers. Factorial analyses of variance were used to test for differences among sites and collection times. Data were subjected to the appropriate transformation before statistical analysis by the method of Zar (27) . Any probability less than or equal to 0.05 was considered significant.
RESULTS
Water quality. The two sites at La Gata Island were not significantly different in water quality (Table 1 ). All parameters measured were stable during the 108-h sampling period. The same observations were made at the two sites at Palominitos Island (Table 1) .
Survival of bacteria in situ. At La Gata Island, the densities of V. cholerae as determined by Coulter Counter counts (CC counts) in the diffusion chambers decreased significantly over time (F = 47.0, df = 17 and 30, P = 0.001), decreasing by 80% during the first 12 h, and were significantly higher at the north site (F = 9.91, df = 1 and 30, P = 0.001) (Fig. 2) , i.e., more than 50% higher after 12 h. Densities of V. cholerae, as determined by AODC, were also significantly different over time (F = 22.0, df = 17 and 30, P < 0.0001) but not by site (Fig. 2) . However, densities of V. cholerae, as measured by AODC, decreased by only 10% after 12 h. The proportion of the V. cholerae population that was active, as measured by AODC, declined significantly during the first 9 h (F = 51.0, df = 17 and 30, P < 0.0001) and then remained low; the north site had a significantly higher proportion of active cells (F = 5.63, df = 17 and 30, P < 0.05) (Fig. 3) . The proportion of the V. cholerae population that was respiring, as determined by INT, also declined significantly during the first 9 h (F = 2.17, df = 17 and 30, P < 0.05) but was not significantly different by site (Fig. 3) . The initial decline (first 3 h) in activity and respiration was greater than 70%, after this both measurements fluctuated between 1 to 30% without apparent pattern.
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Island, as determined by CC counts, declined significantly over time (F = 15.0, df = 17 and 34, P < 0.0001) (Fig. 2) , with less than 1% remaining after only 12 h. The same was also true when densities of E. coli were determined by AODC, i.e., over time differences were significant (F = 157, df = 10 and 24, P < 0.0001) (Fig. 2) . The activity of the E. coli population declined by 70% in the first 3 h and then fluctuated between 5 to 40%, with a large variability among samples (Fig. 3) . The percentage of the E. coli population that was respiring changed significantly over time (F = 126, df = 10 and 24, P < 0.005) (Fig. 3) . Respiration rate of the E. coli cells declined significantly only during the first 3 h, i.e., more than 30%. During subsequent samplings, the variability in these measurements was even greater for E. coli than it was for V. cholerae. In comparison, V. cholerae had a similar survival rate as did E. coli at La Gata Island. However, unlike E. coli, V. cholerae had a significantly higher survival rate and activity at the north site. At Palominitos Island, the densities of V. cholerae, as determined by CC counts, in the diffusion chambers decreased significantly over time (F = 5.16, df = 6 and 18, P = 0.001); there were no differences by site (Fig. 4) . After 12 h, densities of V. cholerae in the water had declined 80o. Chambers buried in the sediments at these sites showed no significant changes over time (Fig. 5) . Densities of V. cholerae in the water, as determined by AODC, showed a significant increase, >20% after 42 h (F = 3.50, df = 6 and 18, P < 0.05); however, chambers buried in the sediments showed a slight, though insignificant, reduction (Fig. 4 and  5) . The proportion of the V. cholerae population that was active, as measured by AODC, declined significantly during the first 18 h (F = 3.62, df = 6 and 18, P < 0.05) but then increased briefly to 80% (Fig. 6) . Activity in the chambers that were buried in the sediments decreased slowly by only 30% during the entire period (Fig.7) . The proportion of the V. cholerae population that was respiring, as determined by INT, did not decline significantly at the Thalassia site but declined by more than 40% at the other site (Fig. 6) .
Densities of E. coli in the diffusion chambers at Palominitos Island, as determined by CC counts, remained unchanged both in the water and the sediments (Fig. 4) . However, when densities of E. coli were determined by AODC a 20% increase was observed during the first 24 h, followed by a 90% decrease. In the sediments, the AODC densities of E. coli decreased by only 50% after 42 h (Fig. 5 ). (Fig. 6 ). E. 26), we observed shortening and condensation of the bacte--diments also declined, rial cells at both La Gata sites, although change occurred at after 42 h (Fig.7) Since most of these same habitats are harvesting areas, the results further er monitor contaminant levels of pathoge habitats.
